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Xeasurement of Low Energy P r h Z r y  WSEUC Kay Protons on Mp-1 S a t e l l i t e  
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i The first p rec i se  determination of the i n t e n s i t y  and energy spec t ra  of 

primary cosmic ray protons i n  the 15-75 MeV i n t e r v a l  has been made with a 

three element energy vs. energy-loss telescope aboard the  Mp-1 (Explorer 

XVIII) s a t e l l i t e .  
~ 

1 , This spacecraf t  had an apogee of 193,000 km and only 

da ta  obtained w e l l  beyond the e f f ec t s  of the ea r th ' s  magnetosphere a r e  

considered. The measurements reported here  cover the time i n t e r v a l  

8 December 1963 t o  6 May 1964 and are considered t o  be representa t ive  of 

the period j u s t  p r i o r  t o  s o l a r  minimum. The proton i n t e n s i t y  i n  the range 
_. 
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15-75 MeV w a s  observed to  be 1 9  proton/rn2-sx-ster o r  approximacely 1% of 

the t o t a l  primary cosmic ray in t ens i ty  and :o exh ib i t  a s teeply  f a l l i n g  

energy spectrim toward lower energies,  decrsasing by a f a c t o r  of 5 over 

t h i s  i n t e rva l .  One poin t  f o r  helium was obLained i n  the range 65-75 MeV/nuc. 
* 

The E vs dE/dx telescope (Figure l a )  provides a means of studying t h i s  

/ low energy component i n  the  presence of higher energy cosmic rays. 

of t h e  background and low f l u x  i n  t h i s  energy in t e rva l ,  s i g n i f i c a n t  measure- 

Because 

ments cannot be obtained by balloon o r  rocket techniques but  are dependent 

~ - .  _I ? 
on s a t e l l i t e  measurements. 

skown i n  Figure 1. 

The i r i n c i p a l  of operat ion &:the rele$clipe is 
., , -4F r . .  

f * & -  F '5 ' 

For each p a r t i c l e  which t raverses  the ' €lBCcolaRter a rb  r6 ?' 

stops i n  the E c r y s t a l  (as defin2d by the p l a s t i c  s c i n t i l l a t o r  anticoincidence 

cup) measurements of 

analyzers and t ransmit ted over tile s a t e l l i t e  telemetry systems. 

AE and E - AE are made by 512 channel pulse  height  

As shown 
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i n  Figure lb ,  t h i s  provides a measure of m a s s ,  charge and energy reso lu t ion  

f o r  Z = 1, 2 par t i c l e s .  

paper. 

The e lec t ron  da ta   iscus cussed i n  an accompanying 

Sa tura t ion  e f f e c t s  prevented the alp‘na p a r t i c l e  da t a  from being 

extended t o  lower energies. This does not a f f e c t  t h e  H o r  e data.  Yiss  

histograms have been obtained i n  the proton region f o r  s i x  energy in t e rva l s  

of about 10 XeV each by summing the data i n  11 channels constructed p a r a l l e l  

t o  and centered about the  proton l i n e  of Figiire lb.  

f o r  H a r e  shown i n  Figure 2. 

These s i x  energy in t e rva l s  

The clean resolut ion of the  proton d i s t r i b u t i o n  

at a l l  energies is s t r ik ing .  

dashed l i n e  of Figure 2) has been applied using the experimental proton 

The background cor rec t ion  ( i l l u s t r a t e d  by the 

d i s t r i b u t i o n  obtained from the  smzll s o l a r  cosmic ray  event of 16 March 1964. 

The r i g i d i t y  and energy spec t ra  obtained from the m a s s  histogram da ta  of 

Figure 2 along with the  s ing le  (Y p o i n t  is shown i n  Figure 3. 

To search f o r  long term var i s t ions ,  the data  were divided in to  two 

i n t e rva l s  covering the period 8 3ecernber 1963 - 14 March 1964 and 22 Xarch 

1964 - 6 May 1964. Except a t  the lowest energy point ,  the  da t a  are cons is ten t  

with a change of less than 10% i n  the proton f lux  i n  the 15-75 MeV region 

between these two periods. The increase on :he low energy poin t  may be due 

t o  an increase i n  the  galactic f l u x  o r ,  most pro5ably, t o  the s m a l l  s o l a r  

proton event of 16 March 1964. W e  cannot r u l e  out la rge  sho r t  time varia-  

, 

I 

t ions  s ince  the long times required to  obtain meaningful s t a t i s t i c s  preclude 
% ‘  

the p o s s i b i l i t y  of observing var ia t ions  occurring over a shor t e r  time scale. t 

Proton and helium da ta  obtained a t  higher energies from the balloon data  

of Balasubrahmanyan and McDonald?; and F ich te l  e t .  a 1 3  are shown f o r  

‘ I  

~ I 

I 

comparison. It is observed tha t  a t  t h i s  period of the s o l a r  cycle  j u s t  
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p r i o r  t o  s o l a r  minimum there  is ii sharp decrease i n  both spec t ra  toward lower 

energies  that extends t o  the lowest observec energy, 

The f l u x  of deuterium could not  be resolved from the  background and an 

upper l i m i t  of 8% of the  proton f lux  over 'the corresponding -energy i n t e r v a l  

w a s  placed on i ts  abundance. 

* 
-w 

1' 
During the l a s t  s o l a r  mininun an a r c t i c  l a t i t u d e  survey by Meredith, ei.al. F 

using a rocket borne s i n g l e  Geiger counter kad indicated the cosmic ray  

in t ens i ty  did not  increase stron{;ly a t  low energies.  The ion iza t ion  chamber 

da t a  of Neher a t  balloon a l t i t u d e  suggested a s t rong va r i a t ion  in  the  low 

energy range >lo0 MeV ant i -correiated with s o l a r  ac t iv i ty .  

5 

The only previous s a t e l l i t e  measuremenrs i n  t h i s  region w e r e  made by 

Stone6 i n  la te  1961 on a polar  01-3iting s a t e l l i t e .  This study w a s  based on 

1 2  counts i n  the energy i n t e r v a l  11-125 MeV. They were cons is ten t  with a 

flarr energy spectrum and served t o  place an upper l i i n i t  of about 1 proton/m 2 - 
sec-MeV on the proton f lux  s ince  an ac t ive  anticoincidence device w a s  not 

used. The data  i n  Figure 3 show .;he highest  energy poin t  of the  IMP da ta  

reported here  is i n  general  agreement with the lowest energy poin t  obtained 

i n  the  June 1963 balloon f l i g h t  ky Balasubrahmanyan and McDonald' and F ich te l  , 

et.  a l .  

sec-MeV obtained on a high l a t i t u d e  f l i g h t  of Brunstein i n  1962 

3 

It is a l s o  cons is ten t  with the upper l i m i t  of dJ/dE < .49 protons/m2- 

7 and with the  

lowest energy poin ts  obtained by Fre ie r  and ?addington8 and Ornes and Webber 9 

~ 

.- . from 1963 balloon f l i g h t s .  Further confirmation of the s p l i t t i n g  of the 
~ -. normalized l o w  r i g i d i t y  spec t ra  is a lso  obtained. 

The proton and alpha spec t ra  as observed i n  in te rp lane tary  space r e s u l t  

from a superposit ion of three  processes - i n i t i a l  acce le ra t ion ,  d i f fus ion  

through the  galaxy and s o l a r  modulation. To ilnlugitrate these p r o c e s s p  assme 
- L I .  . .  Gtr, 

. *  
* -  .;g& .;i 3- . .. * 9 . . * -.. -, e .  



Y 
I 

- 4 -  

‘(1) Energy spectra a t  in jec t ion  a r e  of the form 

= ... 104 protons/X3-s te r -BeV 
w(i + E ) ~ - ~  

- 
(2) Traversal  of 2.5 gm/cm2 of hydrogen before reaching the s o l a r  system; 

and 

(3) The s o l a r  modulation i s  of the form 

d j  d j o  cons t 
- = -  
dE dE 

where p (E) is  the  dens i ty  of cosmic rays with k i n e t i c  energy E, and dj/dE 

. is the observed d i f f e r e n t i a l  enexgy spec.trum while djo/dE is the unmodulated 

Assumption (1) is based o r  s t e l l a r  spectrum and W is the  p a r t i c l e  velocizy. 

on an ex t rapola t ion  t o  low energies of observations above 4 Bev”. The 2.5 

gm/cm2 of H i s  implied by the r e l a t ive  abundance of L i ,  Be, and B i n  the primary 

beam” and the s o l a r  modulation function is i! di f fus ion  model proposed by 

Parker 

inward through i r r egu la r  magnetic f i e lds  and removal by outward convection. 

The s o l a r  modulation e f f e c t s  have been obtained by normalizing a t  200 MeV. 

These ca lcu la t ions  are shown by the  dotted curve of Figure 3b. 

be concluded t h a t  e i t h e r  the  in jec t ion  spec t ra  are s teeper  than a simple 

power law (as one might hypothesize from s o l a r  cosmic ray s tud ie s )  o r  t h a t  

the  e f f e c t s  of s o l a r  modulation a r e  not a s  s t rong a t  low energies ( i n  agree- 

ment with the lack of s ign i f i can t  long term time var ia t ions) ,  the  pr imary 

12 . I n  t h i s  model an equil5hriuii s t a t e  is establ ished between d i f fus ion  

While it can 

e f f e c t  of these  admittedly crude assumptions is t o  show that indeed the 

production-of ~ t he  observed s t eep  proton energy spectrum is no t  unexpected 
/, 
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on the  bas i s  of other  cosmic ray observatiois.  

fu r the r  observations over the pel-lod of s o l a r  m i n i m u i i  coupled w i t h  low energy 

measurements of mult iply charged primaries w i l l  p e r n i t  more accurate  detennina- 

t ions of the source spec t ra  and the s o l a r  mcdulation mechanism. 

It is t o  be expected tha t  
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FIZLRE CAPTIOX:; 

Schematic Drawing of E vs dZ/ax Telescope. P a r t i c l e s  which s top  i n  the 

lower s c i n t i l l a t o r  (A) a r e  accepted f o r  analysis  while those which e n t e r  

the  anticoincidence cup (B) a r e  re jected.  

- 
Mass and Energy Response of E I j -(E-AE>) and dE/dx (4E) Telescope. 

c 

Mass Histogram f o r  6 Energy Intervals  i n  Proton Region. 

Cosrnic Ray Proton Energy Spuctra f o r  Two Dlfferent  T i n e  Periods. The 

E -3 1.5 
:ted l i n e  indicates  an E n p i r i c a l  F i t  t o  che Data of the form 10 . 

IMP Proton and a Rigid i ty  Spectra. Shcwn f o r  Comparison is the Balloon 

Data of F i c h t e l  et.al,3 and Salasubrahnanyan et .al .  2 . 

. .  
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